INTRODUCTION
Currently, there is great pressure both politically and socially to decrease the amount of agro-industrial waste discarded in the environment. Thus, numerous alternatives for disposal of these wastes have been proposed, among them their use as a source of nutrients in animal feed. Corn is produced in large quantities throughout the world and its processing for the manufacture of products for human consumption leads to several agro-industrial by-products, including corn gluten feed without steep water (CGF), which is composed mainly by corn husk. According to SUGAWARA et al. (1994) , corn husk is composed mainly of cellulose (16%) and hemicelluloses (72%) and can be used as a source of fibre in animal feed.
Wheat bran (WB) is another by-product produced in large quantities after milling of white flour for human consumption. This grain is composed mainly of arabinoxylans (36.5%), cellulose (11%), lignin (3 to10%) and uronic acid (3 to 6%). Although the digestibility of its constituents by the digestive enzymes of monogastric animals is low, WB is commonly employed in animal feed as a source of fibre (BERGMANS et al., 1996) .
Fibre does not comprise a significant portion of the natural diet of cats; however, the microbiome of the feline GI tract has the ability to metabolize fibrous substrates (SUNVOLD et al., Ferreira et al. 1995) . Indeed, the inclusion of this nutrient in the diet has a significant role in the prevention and mitigation of various physiological and metabolic disorders that are increasingly more common in cats, including obesity and colitis. These features emphasize the importance of studying the effects of fibre in the diet of cats.
Therefore, although corn husk presents a great potential to be used as a fibre source in animal feed, researches involving this ingredient in the nutrition of cats are still scarce. Thus, this study aimed to evaluate the effect of substituting WB with CGF in feed for cats on nutrient digestibility, stool characteristics, time of passage of food through the gastrointestinal tract (GIT), production of intestinal gas and concentrations of short-chain fatty acids (SCFA) in blood and faeces.
MATERIALS AND METHODS
Twenty-eight adult cats, weighing 3.53±0.82kg, mixed breed, male and female were kept in metabolic cages 60x50x70cm (height x width x depth) throughout the experimental period. The animals were weighed at the beginning of the experiment and distributed in a randomized block design consisting of four treatments and seven replicates, with the blocks determined by animals weight. The experimental period lasted 15 days, including five days for adaptation to the experimental diets and 10 days for data collection.
The complete feeds were formulated to meet the animal category, with increasing amounts of CGF replacing WB (Table 1) . The four treatments were: feed 1(17.5% WB); feed 2 (15.0% WB and 2.6% CGF); feed 3 (12.3% WB and 5.3% CGF) and feed 4 (9.8% WB and 8.0% CGF). Before the beginning of the experiment, a pilot test was conducted to verify the acceptability of the experimental diets by the animals and it was decided to add water and moist pet food to the diets (in the ratio of 1:1:1 of experimental diet: water: moist pet food) to enhance the interest of animals in the feeds. The amount of feed supplied to each animal was determined according to the recommendations of the National Research Council (NRC, 2006) for maintenance of adult cats. This quantity was divided into two meals at 8am and at 5pm.
Faeces were collected every morning and evening before the daily feedings. The material collected was weighed, placed in plastic bags and stored in a freezer at -20ºC. Prior to collection, the faecal score was assessed according to the scale proposed by de-OLIVEIRA et al. (2008) , in which 1 corresponds to watery faeces and 5 to hard, dry and well-formed faeces. At the end of the experiment, faeces were thawed and faecal samples from each animal were homogenized and stored in a forced air oven at 65°C for 72 hours. Samples were weighed and grounded in a ThomasWiley hammer mill, using a 1mm screen.
Analyses of dry matter (DM) (method 934.01), crude protein (CP) (method 954.01), acidhydrolyzed fat (AHF) (method 954.02) and ashes (AS) (method 942.05) of feeds and faeces were performed according to methods described by the Association of Official Analytical Chemists (AOAC, 1995) . Organic matter was calculated by difference (OM = 100 -ash). Neutral detergent fibre (NDF) and lignin were analyzed according to ROBERTSON &VAN SOEST (1981) . Acid detergent fibre (ADF) was analyzed according to VAN SOEST (1963) . Food and faeces gross energy contents were determined using a bomb calorimeter (C200-System, IKA, Campinas, SP, Brazil). For the apparent metabolizable energy (AME), a formula for urinary correction, established by ANFALPet (2009) was used.
Radiographic analyses were performed using a ray generator XAltus ST503HF (Sawae ® , Nova Lima, MG) and Kodak ® films (24x30cm). Each animal was imaged in two positions: left lateral-lateral and ventrodorsally. Then, images were photographed, digitized and evaluated using the software Image J ® as described by FELICIANO et al. (2010) .
The time of passage of food through the GIT was determined by the addition of 0.1% chromic oxide to the food. The time between the first intake of food and excretion of greenish faeces was recorded, corresponding to transit time in the GIT. In the same period, faecal pH was also determined using a digital pHmeter (model Q400A, QUIMIS, Diadema, SP, Brazil) with the electrode inserted directly into the sample.
Fresh faecal samples (collected no more than 15 minutes after defecation) were immediately placed in plastic bags and stored in a freezer at -20ºC. Later, 5g of faeces were added to 15ml of distilled water. This mixture was homogenized, filtered and centrifuged for 25 minutes at 15000rpm in a refrigerated centrifuge at 5°C.Then, the supernatants of the samples were pipetted, properly identified and stored in a freezer at -15°C. Acetic, propionic, isobutyric, butyric, valeric and isovaleric acids were analysed by gas chromatography.
On the last day of the experiment blood samples were collected in heparinized tubes, from jugular vein, pre-feeding and four and eight hours post-feeding. Samples were centrifuged at 15000rpm for 10 minutes and then, the plasma was placed in polypropylene tubes and stored at -20°C. For the analysis of SCFA concentrations, 1mL of plasma was added to 5mL of ethyl alcohol and then centrifuged at 3000rpm for 10 minutes. The supernatant was added to 40μL of 1mM NaOH and placed in a forced ventilation oven at 60°C until completely dry. Afterward, the residues were dissolved with 99% formic acid and 1mL of distilled water and stored in a freezer at -15°C until analysis of SCFA by gas chromatography.
The data were previously analyzed for normality (Shapiro-Willk test) and, when this assumption was accepted, data were submitted to analysis of variance and the means subjected to regression analysis when P<0.05. The transit time, faecal score and SCFA concentrations in blood and faeces were analysed by Kruskal Wallis test. All statistical analyses were carried out in Action 2.4.
RESULTS AND DISCUSSION
The present study is the first to evaluate the effects of including CGF in diets for cats on nutrient digestibility, faecal characteristics, transit time of food through the GIT, intestinal gas area and concentrations of SCFA in blood and faeces. The CGF is an agroindustrial by-product that has the potential to be used as a source of fibre in cat diets. WB is also an agroindustrial by-product, but is commonly employed in animal feeding. Thus, the substitution of WB with CGF had as a main objective to compare the effects of the two fibrous substrates: wheat bran vs. a new source of fibre, CGF. This comparison allows verification of whether CGF inclusion in cat diets can be done safely.
The inclusion of CGF in place of WB did not affect (P>0.05) the CTTAD of DM, OM, CP, AHF and NDF or the AME of the diets (Table 2 ). According to MAES et al. (2004) , WB, as well as corn husk, is mainly a source of insoluble fibre. Insoluble fibres have some important physiological effects, one being a reduction in the transit time of food through the GIT with consequent reduction in nutrient digestibility (DAVIDSON &MCDONALD, 1998). In fact, some studies showed that supplementation of cat diets with WB promotes reduced digestibility of most nutrients when compared to diets without fibre supplementation (KIENZLE et al., 1991; FISCHER et al., 2012) . KAWAUCHI et al. (2011) observed that, in dogs, the replacement of starch by maize gluten feed in proportions of 7, 14 or 21% led to a linear reduction in the digestibility of DM, CP, AHF and gross energy compared to a diet without inclusion of the ingredient. Thus, the absence of effects related to the digestibility of the nutrients found in the present study suggests a similarity between the quality of the fibre present in WB and CGF. However, there was a linear decrease (P<0.01) in the digestibility of ADF as the level of CGF included was increased, what may be explained by the higher content of this nutrient in CGF (21.3% dry matter) compared to WB (15.4% dry matter). Moreover, as the level of CGF included was increased, the ADF content of the diet as well as the lignin content also increased. With regard to faecal characteristics, the inclusion of CGF did not influence (P>0.05) faecal output, moisture and score (Table 2) . KIENZLE et al. (1991) reported that the addition of WB to a meat-based diet increased both the quantity of faeces excreted and the frequency of defecation in cats, while also increasing faecal moisture. Similar results were observed by FORTES et al. (2010) in dogs. However, in this case, the authors observed a higher percentage of DM in the faeces. As to corn fibre, as in the present study, GUEVARA et al. (2008) reported no differences in the weight of faeces from dogs that received a diet supplemented with this ingredient compared to animals fed with control diet. However, the moisture content of faeces from animals fed with corn fibre was less than that in the other animals' faeces, unlike what was observed in the present study, in which the median moisture content (66.3%) was slightly higher in the faeces, resulting in a faecal score below the desired value (score 3 according to de-OLIVEIRA et al., 2008) . This result can be explained by the higher content of insoluble fibre in the diet, which in turn promoted increased water retention in the faeces.
Moreover, the time of passage of food through the GIT of the animals was not influenced by the inclusion of CGF (Table 2) . However, the large variability observed among animals, which can be associated with individual physiological functions of the GIT, must be considered. FAHEY et al. (1990) reported no differences in retention time in dogs fed with diets with different sources of fibre. The average retention time obtained by the authors was 28.3 hours, while in cats in the present study the mean retention time was 31.7 hours.
There were also no differences (P>0.05) in faecal pH, intestinal gas area (Table 2) , concentrations of total SCFA, acetate, propionate, isobutyrate, butyrate, Table 2 -Coefficients of total tract apparent digestibility (CTTAD), apparent metabolizable energy (AME) of food, faecal characteristics, intestinal transit time and gas area of cats fed with diets with different amounts of corn gluten feed without steep water (CGF) substituted for wheat bran. 1 -watery, liquid that can be poured; 2 -soft, unformed, stool assumes shape of container; 3 -soft, formed, moist, softer stool that retains shape; 4 -hard, formed, dry stool, remains firm and soft; 5 -hard, dry pellets, small, hard mass.
Item ---------------------------------Inclusion of CGF (g kg -1 )-----------------------------
valerate and isovalerate in faeces (Table 3) . Fermentation of fibrous substrates by anaerobic bacteria in the large intestine leads to formation of SCFA, which promoted acidification of luminal contents (BORGES et al., 2003) . This acidification can be reflected in faecal pH. However, as in the present study no differences were observed with respect to the concentrations of SCFA in faeces, the fermentation processes were similar between animals that received the different diets. Thus, it can explain the absence of differences related to faecal pH. Fermentability is a characteristic more commonly associated with soluble fibre. However, it may be reported to a lesser extent in insoluble fibres (HOWARTH et al., 2001 ). While WB is considered a source of insoluble fibre, it presents arabinoxylans in its constitution, which have the property of retaining water and promoting the viscosity of solutions (SCHOONEVELD-BERGMANS et al., 1999) . Thus, the fermentation observed in this study may be associated with arabinoxylans from WB. FISCHER et al. (2012) observed a higher faecal concentration of propionate in cats fed with a diet supplemented with wheat bran (140.53mmol kg -1 DM) compared to animals fed with the control diet (without fibre supplementation) (72.93mmol/kg DM), confirming that this ingredient undergoes a certain degree of fermentation. Furthermore, the fermentation observed can also be associated with CGF, since corn fibre presents in vitro fermentability (GUEVARA et al., 2008) .
Blood concentrations of acetate and acetate+propionate did not differ (P>0.05) among diets and different sampling times, while blood concentrations of propionate were higher in cats fed with the feed 1, which is composed by wheat bran as the only source of fibre, compared to cats fed with the other feeds at 4 and 8 hours after consumption (Table 3) . At 8 hours after consumption, blood concentrations of propionate were similar between cats fed with feeds 1 and 3, but this could be due to individual variations related to the fermentation of substrates. According to FISCHER et al. (2012) , faecal concentrations of propionate were higher in cats fed with diets supplemented with WB than in cats fed with diets supplemented with sugarcane fibre, which is primarily a source of insoluble fibre as well as the CGF. But, since no differences were observed in faecal SCFA concentrations in the present study, this difference in blood propionate concentrations could Table 3 -Concentrations of short chain fatty acids (SCFA) in faeces and in blood at different collection times (hours) of cats fed diets with different amounts of corn gluten feed without steep water (CGF) substituted for wheat bran. be due to differences in the absorption processes between animals. Furthermore, blood concentrations of propionate were higher at 4 and 8 hours after consumption in cats fed with feed 1, demonstrating that WB fermentation lasts for several hours in the GIT of these animals. This study is the first to measure blood concentrations of SCFA in cats. About 95 to 99% of these SCFA are readily absorbed by the intestinal mucosa (SCHEPPACH, 1994) . Thus, based on the results observed, it can be confirmed that absorption of SCFA by the intestinal cells of cats also occurs to a significant degree, since significant amounts of acetate and propionate were detected in the blood of these animals. Butyrate is generally used by intestinal cells as a readily available energy source (BORGES et al., 2003) . Thus, most of what is produced in the intestinal lumen is retained in the colonocytes and only a small fraction enters the blood, which may explain the nondetection of this SCFA in the blood.
In the present study, no differences were observed related to intestinal gas area between the experimental diets, which was to be expected, since the concentrations of SCFA in faeces did not differ between animals in the different groups.
CONCLUSION
Substitution of wheat bran with CGF up to a level of 8% can be done safely without impairing nutrient digestibility, faecal characteristics or fermentation in the GIT.
